PO-0965: Deep inspiration breath-hold in left-sided breast radiotherapy or not?: decision based on a single CT-slice  by Petillion, S. et al.
S510                                                                                                                                         3rd ESTRO Forum 2015 
 
in the absence of dedicated MRI scanners commercial DIR 
software can facilitate MRI-D into treatment protocols with a 
benefit in accuracy for GTV delineation demonstrated in this 
study. Use of MRI-D was limited by the reduced accuracy of 
DIR with increasing distance from the GTV. 
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Purpose/Objective: The aim of this study was to evaluate 
changes and artefact reduction and streaking index (SI) for 
liquid and solid fiducial markers in both single energy CT 
(SECT) and dual energy CT (DECT) with different metal 
artefact reduction (MAR) algorithms on a clinical CT-scanner. 
The artefacts were quantified by severity and SI on SECT and 
DECT with the eight different MAR algorithms and with no 
MAR. 
Materials and Methods: A total of 16 markers were 
evaluated, two liquid markers (BioXmark and Lipiodol) with 
varying volumes (10 to 400 μL) and five solid marker 
(PolyMark, BeamMarks, FusionCoil, Gold Anchor and a solid 
gold marker). Each marker was moulded into gelatine in a 
hollow low density polyethylene rod container with a 
diameter of 2.5 cm. Imaging was performed with the filled 
rod container placed inside a CIRS IMRT thorax phantom to 
represent a lung tumour with a fiducial marker inserted.SECT 
and DECT-images were acquired for each marker inside their 
respective container inside the thorax phantom, additionally 
SECT and DECT images were acquired with gelatine filled 
container but with no marker to serve as a background. SECT 
images were acquired at 120 kVp, DECT-images were 
acquired at 80 kV and 140 kV, and further combined to 
represent a mono-energetic image at 70 keV. Tube current 
was selected so that both the SECT and the DECT scans would 
result in the same dose to the phantom, Slice thickness was 2 
mm. A total of eight MAR reconstruction algorithms and one 
reconstruction without MAR were evaluated for both SECT 
and DECT. The software used on the CT scanner was a clinical 
evaluation version with the MAR functionality installed.  
Results: For the liquid markers, the artefact analysis showed 
that the SI increased as a function of marker size (volume) in 
the absence of MAR. The reduction of the SI for the BioXmark 
worked best for the larger markers (100 to 400 μL) (Table 1). 
The SI was highest for the two gold markers when no MAR 
algorithm was used. The MAR algorithm reduces the SI most 
when the 'neuro' MAR algorithm was used for both SECT and 
DECT (Table 1). 
 
 
 
Conclusions: We quantified the SI and artefact severity for a 
series of both liquid and solid fiducial markers implanted in a 
simulated tumour in a thorax phantom. We showed that the 
MAR algorithms reduced both the SI and the artefact severity 
in both SECT and DECT for all markers but was better on the 
larger markers (100-400 μL) and the markers with pure gold 
(Gold Anchor and gold marker). Additional evaluation of the 
artefact reductions effect on dose distribution in both photon 
and proton planning is needed  
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Purpose/Objective: The mean heart dose (MHD) difference 
between deep inspiration breath-hold (DIBH) and free-
breathing (FB) left-sided whole breast radiotherapy (WBRT) is 
small for a subgroup of patients. Decision-making on FB or 
DIBH during treatment planning requires the delineation of 
the regions of interest on the FB and DIBH CT-scans. This 
doubles the workload. This study therefore explored the 
feasibility of DIBH decision-making based on a single CT-slice, 
acquired prior to full CT acquisition. 
Materials and Methods: For 30 left-sided patients treated 
with tangential field FB-WBRT, the MHDs were calculated. 
Per patient, 2 FB CT-slices were selected. On each, 2 
distances were measured with respect to the individual field 
setup (Figure): the maximum heart width and the maximum 
heart length at half the height of the breast volume 
(MHWBreast and MHLBreast, respectively), MHW and MHL on the 
CT-slice visualizing the smallest distance between the heart 
silhouette and the ribs (MHWHeart and MHLHeart, respectively). 
The (distance,CT-slice)-combination revealing the strongest 
linear correlation with the MHD was retained as MHD 
surrogate (S). For DIBH decision-making, a clinically relevant 
MHD threshold of 3.5 Gy was considered. The corresponding 
threshold of S (SThreshold) was determined by the Youden index: 
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Y = max(SN,i+SP,i), with SN,i the sensitivity and SP,i the 
specificity of the decision-making based on possible 
thresholds Si. The potential of rendering DIBH decision-
making independent of the individual field setup was 
explored. The mean medial field setup was calculated and 
the measurements of S were repeated, yielding SMean per 
patient. These SMeans were then used to calculate SN and SP of 
decision-making based on SThreshold as surrogate for MHD = 3.5 
Gy. 
 
 
Results: MHWBreast, MHLBreast, MHWHeart and MHLHeart all yielded 
a positive linear correlation with the MHD: r = 0.73, r = 0.77, 
r = 0.91, r = 0.80, respectively (r = Pearson’s linear 
correlation coefficient). MHWHeart was retained as MHD 
surrogate. MHWHeart = 1.5 cm was found to be the most 
optimal threshold to identify patients with MHD > 3.5 Gy (Y = 
1.705). These results lead to the development of the DIBH 
decision-making procedure: 1) single CT-slice acquisition 
(Figure (b)), 2) projection of the mean medial field setup, 3) 
MHW measurement and 4) DIBH decision-making. This 
procedure was found to have a sensitivity of 87.5% and a 
specificity of 90.9%. Patients stratified to FB-WBRT (10/30) 
had a clinically acceptable average MHD: 2.8 ± 1.4 Gy (range: 
1.0-5.3 Gy). Patients stratified to DIBH-WBRT (20/30) had 
significantly higher average MHD during FB-WBRT: 6.5 ± 2.6 
Gy (range: 2.9-11.1 Gy) (p < 0.001, t-test), indeed needing 
MHD reduction. 
Conclusions: DIBH decision-making based on single CT-slice 
acquisition is feasible in left-sided WBRT. It is followed by 
the acquisition of 1 CT-scan, during FB or DIBH. The proposed 
procedure therefore halves the workload of DIBH decision-
making during treatment planning.  
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Purpose/Objective: Irregular breathing motion has a 
deleterious effect on thoracic and abdominal four-
dimensional computed tomography (4DCT) image quality. The 
breathing training system: audiovisual biofeedback (AVB) has 
demonstrated to significantly improve the regularity of 
breathing motion. The purpose of this study was to 
investigate the impact of AVB on thoracic 4DCT image quality 
utilizing the digital eXtended Cardiac Torso (XCAT) phantom 
driven by lung tumor motion patterns. 
Materials and Methods: 3D tumor motion patterns from 7 
lung cancer patients were synchronized with the XCAT 
phantom to simulate cine-mode 4DCT acquisitions with a 
patient-specific couch-shift frequency. Tumor motion data 
was obtained from high-frequency MRI scans under two 
breathing conditions (1) without training (free breathing), 
and (2) with training (AVB); this MRI study found that AVB 
significantly improved the tumor motion's regularity by 36% 
(motion regularity quantified by the root mean square error 
(RMSE) in displacement). In this current study, image quality 
was quantified as the comparison between simulated and 
ground truth images in terms of the Dice similarity 
coefficient (DSC), false-positive and false-negative rates for 
segmented lung volumes. DSC indicates the structure that is 
correctly imaged (i.e. true-positives), whereas false-positives 
and false-negatives pertain to the incidence of duplication 
and truncation artifacts, respectively. 
Results: AVB improved all 4DCT image quality metrics. For 
peak inhale AVB improved DSC, false-positive rates, and 
false-negative rates by 0.6%, 9.4%, and 13.3%, respectively. 
For peak exhale AVB improved DSC, false-positive rates, and 
false-negative rates by 0.3%, 4.1%, and 6.2%, respectively. 
Results have yet to reach statistical significance. Table 1 
gives the results for DSC, false-positives, and false-negatives. 
Figure 1 more clearly illustrates the impact on image quality 
of breathing motion regularity as well as 3D tumor motion 
range. 
 
 
